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Introduction
The objectives of the SI include the following:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands below 7GHz
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 6GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
The above study will address the following architectural scenarios (RAN2): 
· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum
· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI
· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 
· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as required
Following the objectives, the NR licensed design will be the baseline for NR-unlicensed design. Only changes that are essential for unlicensed operation will be introduced. 
In RAN1#94b, the following were agreed regarding initial access and mobility in [R1-1811885], regarding DRS, RACH and DMTC:
Agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission


Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different

Discussions
While synchronous NR networks in contention environments can be considered for optimization, the robust signalling of protected DL and UL channel resources shall allow asynchronous deployments for both intra and inter-operator neighbour cells.
[bookmark: init2]Proposal 1: Cell discovery and mobility should support both synchronous and asynchronous neighbour cell (intra and inter-operator) deployments.
Initial access procedures
In RAN1#93, the following agreement was recorded:
Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
Such techniques for discussed in sections 2.1.1 and 2.1.2.
[bookmark: _Ref521674277][bookmark: _Ref521674383]	Synchronization Signal
Each gNB transmits a discovery signal consisting of one or more SSBs (PSS, SSS and PBCH) to enable UEs and other nodes operating on the same channel to discover the gNB and perform (fine) timing and frequency synchronization. In addition, the discovery signal may optionally contain CSI-RS signals to enable UEs to perform CQI measurements.
The section lists some of the design considerations for SSB transmission in the sub-7Ghz unlicensed band.
The multiple SSB transmission introduced in NR not only allows beam sweeping, it is also friendly when a gNB cannot gain medium access at the beginning of DMTC window, since the gNB may still transmit remaining SSBs. The concept of truncated SSB transmission is illustrated in Figure 1.


[bookmark: _Ref513644101]Figure 1. Truncated SSB transmission in NR-U
In some cases, gNB may not be able to access the medium for a few slots and the SSB transmission truncation may not guarantee SSB transmissions as needed. In addition, gNB may want to transmit multiple SSBs in sub-7Ghz band for different applications, such as massive MIMO use cases. 
In RAN1#93 the following was agreed with respect to the initial access procedure in NR-U:
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure

In RAN1 #94bis, we further reached the following agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission

From these agreements, we believe the remaining problems are:
· From gNB side, conditioned on when LBT passes
· How to choose which candidate SSB positions to transmit SSBs
· For each transmitted SSB, which TCI to use and how to set beam index and additional timing recovery information
· From UE side, given a detected SSB at a certain location
· How to identify which candidate SSB position this SSB is transmitted on
· Effectively, this will help the UE to recover frame timing
· How to identify the QCL information for the type-0 PDCCH monitoring

The number of candidate SSB positions can be captured in at most six bits. We note that Rel-15 already allows this number of SSBs (albeit for FR2), thus making SSB index an attractive parameter to communicate the candidate position.
[bookmark: init22]Proposal 2: The SSB candidate position (and, implicitly, timing) should be communicated via the SSB Index
UE can then rely exclusively on the SSB index to derive timing, akin to the approach used in Rel-15.
To simplify UE implementation, while allowing soft-combining same-QCL transmissions, it is important to avoid unnecessary payload changes between such transmissions. Preserving SSB Index per QCL between DRS transmissions would allow UE to make such implementation-simplifying assumptions:
[bookmark: p3]Proposal 3: Like in Rel.15 NR, NR-U UE should be able to assume the same QCL for SSBs transmitted at the same candidate SSB positions across different frames.
This allows UE to combine same-TCI transmissions, as well as derive the location of RACH opportunities.
Not least, DRS transmissions are subject to medium contention for NR-U. For the purpose of increasing DRS reliability, RAN1 should consider additional DRS transmission opportunity within the DRS transmission period, when the DRS transmission failed due to contention failure. The additional DRS transmission opportunity can be well separated from the regular DRS transmission time, to allow enough interference activity decorrelation.
[bookmark: p4]Proposal 4: RAN1 should considers the feasibility of second-chance DRS transmissions within a DRS period interval.

[bookmark: _Ref521674386][bookmark: _Ref521674419]	[image: ]Broadcast and Paging
For Idle/Inactive-mode camping and Connected-mode RLM needs, UE will need to monitor SSB for evaluating cell signal strength. Other signalling - essential deployment information (e.g. PLMN ID, cell association parameters, frame structure and LBT parameters etc.) - that needs to be delivered to the UE should be transmitted as compactly as possible, in the same COT. To the extent to which SSB transmission to assist UE camping and RLM are deemed in need of channel access protection, essential system information should also benefit from channel access protection, as it impacts the basic UE operation of accessing NR-U service.
Similarly, UE should be able to detect possible paging (for MT calls, or to notify UE of system information changes) in the same SSB COT that it must anyway sample for signal strength evaluation. Not only is it important for power saving, but paging is an essential tool for in SA and DC architectures, and the paging channel should also benefit from robust channel access protection mechanisms available to SSB and essential system information.
In RAN1#94, the following text was agreed, reflecting the above: 
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial

Unlike in licensed bands, where paging occasions can be limited to specific subframes, LBT or other contention-based erasure may impact isolated-slot paging occasions. It is important to ensure a high likelihood of UE receiving pages; at the same time, robust paging designs should not unduly impact UE power efficiency or increase paging latency. In RAN1#93, the following agreement was recorded:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.
Such modifications should take into account UE power consumption and latency.
[bookmark: init8]Proposal 5: NR-U Rel-16 should minimize the likelihood of UE page losses, without unduly increasing UE power consumption or paging latency.
The UE paging occasion(s) should not be divorced from RLM/Idle Cell monitoring occasions (i.e. SSB), to ensure UE can avail itself of the samples collected for cell/radio link monitoring needs. Either UE pages, page grants or an indication of upcoming PO transmission should be signalled at RLM occasions.
[bookmark: init8b]Proposal 6: Whenever possible, pages, page grants or paging indications can share COT with SSB occasions.
This proposal is illustrated in Figure 2, for three hypothetical UEs:
· UEA’s paging opportunity (PO) overlaps with SSB monitoring opportunity (SMTC-U), so UE A is paged here.
· UEB’s PO does not overlap with an SMTC-U, or there is insufficient capacity in SMTC-U to include UEB pages or grants thereof. An indication that the UEB’s PO will be used is sent in the immediately preceding SMTC-U, so UEB will determine from this SMTC-U that it should turn on its Rx chain and to know to collect channel samples during this upcoming PO, for a potential paging message.
· UEC’ s PO does not overlap with an SMTC-U. gNB does not indicate the presence of any pages for UEC’s upcoming PO, so UEC can avoid consuming energy to monitor that PO, and will be able to use the SMTC-U SSB samples for (serving/camping) cell evaluation.



[bookmark: _Ref521673903]Figure 2: Illustration of Efficient Paging in NR Unlicensed
2.1.3	[image: ]Four-step RACH
The following agreement was recorded in RAN1#94:
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
· FFS: Value of maximum RAR window size

Additional agreements were recorded in RAN1#94-bis:

Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

In addition to semi-statically configured PRACH resources, triggered PRACH resources can compensate for the increase in access latency in a contention medium.
[bookmark: init9]Proposal 7: On top of RRC configured PRACH opportunities, NR-U also introduces triggered PRACH opportunities within gNB COT for connected UE.
[image: ]Mobility and RLM
In RAN1 #94bis, we have the following agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different
Carrier load information is important to both determine the quality of a handover target, as well as to help the deployment determine good carriers for gNB cells.
When monitoring the radio link quality of a serving cell, the RLM function should be robust to occasional erasures of RLM RS, which can happen in spite of robust channel protection. Furthermore, cell signal strength is not a sufficient serving cell quality indicator for of cells deployed in a multi-operator contention carrier. A contention metric is additionally preferable to ensure UEs camp on cells that achieve a good performance between signal strength and signal availability at the UE location.
In RAN1#94, the following related agreement was made:
· It is beneficial to support reporting of RSSI
· FFS: The time and frequency resources on which RSSI is measured

Though RSSI can be a meaningful metric of channel occupancy, it has limited value as a metric of medium contention. For instance, it cannot – by itself - distinguish between occupancy generated by a single full-buffer transmission, and occupancy generated by ten full buffer medium contenders.
Both UE and gNB directly sample medium contention, part of regular UL and DL transmission. This samples can be used to improve RRM and RLM, for both source evaluation and target/fallback selection.
[bookmark: init11][bookmark: p8]Proposal 8: Separate from RSSI-based channel occupancy, a channel load metric is necessary to reflect the ability of NR-U nodes to transmit on the medium.
· RRM should support meaningful measurements of medium contention for carrier and target cell selection.
· RLM should support a medium contention metric, in addition to a signal strength metric.

RAN1#94 is considering up to Y=[64] SSB candidate positions [R1-1811885], possibly in the interest of achieving high DRS reliability. An IDLE/INACTIVE/C-DRX, UE having to search (for RLM and RRM needs) such a large number of SSB candidates in a window of up to 40 ms DRS periodicity would require a max of 40% search duty cycle for 30 kHz SCS.
While, in practice, UE may be able to stop searching after the necessary number (e.g. X=[4]) of SSB transmissions are detected, a large maximum number of repeated search candidates would significantly impact UE energy use, for IDLE/INACTIVE and C-DRX configurations, compared to a licensed band deployment.
[bookmark: p9][bookmark: p9x]Proposal 9: RAN1 should carefully limit the time duration of DMTC window that UE needs to search in a DRS period, with the goal of minimizing UE measurement power consumption.

L1 samples for RRM and RLM
The following agreement was reached in RAN1 #94bis, we have the following agreement:
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
RLM in NR Rel-15 relies on In-Sync/Out-of-sync reports [TS 38.213 section 5, TS 38.133 section 8], assisted by SSB and/or CSI-RS configuration. In unlicensed carriers, CSI-RS transmissions outside DMTC and Data COT reduce medium access opportunities for other nodes and are thus strongly undesirable. For this reason, absence of transmission outside SMTC-U should not be counted towards out-of-sync evaluation.
[bookmark: init12]Proposal 10: RS transmitted outside DMTC shall not contribute towards out-of-sync evaluation.
As illustrated in Figure 3, non DMTC samples may still count for In-Sync evaluation.


[bookmark: _Ref521647876]Figure 3: RLM sampling for NR-U
For both RLM and RRM purposes, absence of expected L1 samples is meaningful: such absence could indicate medium contention, especially for L1 samples collected in SMTC-U. Since absent samples are indicative of events unrelated to RF signal quality, it should be possible for an implementation to exclude occasionally L1 samples from evaluation of RF signal quality.
[bookmark: init13]Proposal 11: For NR-U Rel-16 RLM modelling purposes, as well as for RRM purposes, L1 reports of RF signal quality should exclude RS DRX.
Note: at this stage in the study item, it is unclear which WG(s) in addition to RAN1 would be need to account for the above proposal.
DRS Indicator for DRX ON
A UE in C-DRX would not expect to be scheduled in every DRX ON occasion. Furthermore, whenever a DRX ON occasion is unused, DL transmission should be avoided, to increase medium availability to neighbour nodes. In consequence, UE cannot generally rely on NR-U DRX ON occasions for RLM purposes. An infrequently-scheduled UE would therefore need to open up RF chain/s for both DRX ON and non-overlapping RLM occasions, potentially doubling the power consumption.
To address this problem, gNB should – at least for long DRX - signal during the immediately preceding RLM occasion (i.e. SMTC-U) whether a DL grants will be scheduled for the upcoming DRX ON occasion. This approach is illustrated in Figure 4, where a DRX ON indicator (DRX ON IND) is multiplexed with the SS Burst transmitted in the SMTC-U window immediately preceding the active DRX ON occasion.


[bookmark: _Ref521656154]Figure 4: DRX ON pre-grant multiplexed with preceding SS Burst
[bookmark: init14]Proposal 12: Active DRX ON monitoring that do not share DRS CoT should, at least for long DRX, be signalled via a DRX ON Indicator signal (DRX-ON-IND) multiplexed with immediately preceding RLM occasion.
Multi-Operator Deployments
RRM in shared NRU-shared carrier is further complicated by lack of L1 knowledge whether a measured RS belongs to the same operator. This has consequences on both idle and connected mobility:
· RRC Idle UEs: can benefit, in terms of both power consumption and paging outage minimization, of awareness of whether potential target cell belongs to the same operator or not.
· RRC Connected UEs: can benefit, for signalling minimization, as well as searcher power consumption of awareness of whether potential target cells belong to the same operator as the serving cell. 
[bookmark: init15]Proposal 13: It shall be possible for UE to determine, for Connected and Idle RRM purposes, whether a measured cell belongs to RPLMN or not. RAN1 shall consider early L1 indication to assist UE measurements. 
Asynchronous Deployments
In asynchronous deployments, the current inter-frequency gap patterns are inadequate in asynchronous environments: with a 0.1 ppm accuracy requirement in local and medium range gNBs [3GPP TS 38.104, Section 6.5.1.2], SSB transmission could drift the size of a NR Rel-15 maximum gap (6 ms, per [3GPP TS 38.133 v15.2.1] ) every 17 hours (6 ms/0.1 ppm).
Medium contention can further reduce the utility of current measurement gaps. A similar concern applies to the configuration of SMTC, even for intra-frequency RRM.
[bookmark: init18]Proposal 14: NR-U should support configuring UE for RRM towards potentially asynchronous targets, beyond the measurement gaps and occasions specified under NR Rel-15 synchronous deployment assumptions.
Conclusions
The proposals and observations made in this contribution are listed below:
Proposal 1: Cell discovery and mobility should support both synchronous and asynchronous neighbour cell (intra and inter-operator) deployments.
Synchronization Signal
Proposal 2: The SSB candidate position (and, implicitly, timing) should be communicated via the SSB Index
Proposal 3: Like in Rel.15 NR, NR-U UE should be able to assume the same QCL for SSBs transmitted at the same candidate SSB positions across different frames.
Proposal 4: RAN1 should considers the feasibility of second-chance DRS transmissions within a DRS period interval.
Broadcast and Paging
Proposal 5: NR-U Rel-16 should minimize the likelihood of UE page losses, without unduly increasing UE power consumption or paging latency.
Proposal 6: Whenever possible, pages, page grants or paging indications can share COT with SSB occasions.
RACH
Proposal 7: On top of RRC configured PRACH opportunities, NR-U also introduces triggered PRACH opportunities within gNB COT for connected UE.
[bookmark: _GoBack]Proposal 8: Separate from RSSI-based channel occupancy, a channel load metric is necessary to reflect the ability of NR-U nodes to transmit on the medium.
· RRM should support meaningful measurements of medium contention for carrier and target cell selection.
· RLM should support a medium contention metric, in addition to a signal strength metric.
Proposal 9: RAN1 should carefully limit the time duration of DMTC window that UE needs to search in a DRS period, with the goal of minimizing UE measurement power consumption.
Mobility and RRM
Proposal 10: RS transmitted outside DMTC shall not contribute towards out-of-sync evaluation.
Proposal 11: For NR-U Rel-16 RLM modelling purposes, as well as for RRM purposes, L1 reports of RF signal quality should exclude RS DRX.
Proposal 12: Active DRX ON monitoring that do not share DRS CoT should, at least for long DRX, be signalled via a DRX ON Indicator signal (DRX-ON-IND) multiplexed with immediately preceding RLM occasion.
Proposal 13: It shall be possible for UE to determine, for Connected and Idle RRM purposes, whether a measured cell belongs to RPLMN or not. RAN1 shall consider early L1 indication to assist UE measurements. 
Proposal 14: NR-U should support configuring UE for RRM towards potentially asynchronous targets, beyond the measurement gaps and occasions specified under NR Rel-15 synchronous deployment assumptions.
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In example 1, gNB gains medium access on slot 0 in DMTC window and is able to transmit 8 SSBs (SSB0-7). In example 2, gNB has medium access on slot 1 and is able to transmit 6 SSBs (SSB2-7)
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